The purpose of this retrospective study was to investigate the clinical outcomes of full-endoscopic discectomy via the interlaminar approach in the treatment of lumbar disc herniation (LDH) at L4-L5 under general anesthesia.
Introduction
Lumbar disc herniation (LDH) is the most common spinal degenerative disease, and many patients require surgical treatment, such as discectomy and/or laminectomy. Open discectomy via interlaminar approach was first introduced in the early 20th century. [1] Hijikata [2] introduced their first experiences with the closed percutaneous nucleotomy in 1975. Full-endoscopic discectomy via the transforaminal approach and interlaminar approach were first reported by Ruetten et al [3, 4] in 2005 and 2006, respectively. Since then, full-endoscopic discectomy has become the most commonly performed minimally invasive procedure for LDH. [5] [6] [7] Even though full-endoscopic discectomy can be performed via either the interlaminar or transforaminal approach in most patients with LDH, [4, 6, [8] [9] [10] [11] it is difficult to determine which approach is better. Full-endoscopic discectomy via the transforaminal approach is preferred at both L4-L5 and L5-S1 because it does not require the removal of the ligamentum flavum or lamina. [12] In some cases, sufficient decompression may be difficult for disc herniation at L5-S1 via the transforaminal route; in such cases, the interlaminar approach is preferred. [13] There are some studies about full-endoscopic discectomy via the interlaminar approach at L5-S1, [14, 15] however there is few study about full-endoscopic discectomy via the interlaminar approach at L4-L5 under general anesthesia. The purpose of this retrospective study was to investigate the clinical outcomes of full-endoscopic discectomy via the interlaminar approach in the treatment of LDH at L4-L5 under general anesthesia.
Materials and methods

Patient population and grouping
In this retrospective study, 84 patients (65 males, 19 females) who underwent full-endoscopic discectomy via the interlaminar approach at L4-L5 or L5-S1 in our department between January 2015 and June 2016 were included. In these patients, 30 surgeries were performed at L4-L5 and 54 at L5-S1.
Inclusion criteria were as follows: single-level herniated disc at either L4-L5 or L5-S1; radiating pain in the unilateral lower limb; standard conservative treatment for at least 12 weeks without satisfactory results; and magnetic resonance imaging (MRI) and/ or computed tomography (CT) indicating a herniated disc at L4-L5 or L5-S1, in agreement with clinical symptoms and signs.
Exclusion criteria were as follows: extreme lateral disc herniation; spinal canal stenosis, lumbar spondylolisthesis, and/or segmental instability confirmed by radiography; evidence of infection, tumor, or other lesions; and surgical history involving the corresponding segment.
Every patient meets all the inclusion criteria without any one of the exclusion criteria can be chosen to be operated by fullendoscopic discectomy via the interlaminar approach. According to the surgical segment of discectomy, patients included were categorized into 2 groups: L4-L5 group and L5-S1 group.
Full-endoscopic instruments
A full-endoscopic surgical system (Spinendos, Munchen, Germany) was used. A direction-variable drill (Spinendos) was used because of technical superiority, such as smaller diameter, well-designed surface, and variable direction. Radiofrequency probing (Trigger-Flex; Elliquence, Baldwin, NY) was used to control bleeding of soft tissue.
Surgical technique
The surgeries were performed under general anesthesia with the patients in the lateral position, with their hips flexed to achieve a wider interlaminar space (Fig. 1) . All the surgeries were performed by the senior author, who has many years of experience in microsurgical discectomy and microendoscopic discectomy. Posteroanterior and lateral fluoroscopy was used to locate the interlaminar space at L4-L5 or L5-S1. Soft tissue expanders were applied to separate the muscles via a small skin incision, to allow the insertion of the working cannula and endoscopic surgical system. All the subsequent procedures were performed under constant irrigation with excellent visualization. The inferior edge of the cranial lamina on the side of the lesion and the ligamentum flavum were exposed under visualization using an endoscopic camera system. [3, 4, 8, 9] Then, a 5-mm incision was placed on the ligamentum flavum using a laminectomy rongeur, which enabled the access into the spinal canal (Figs. 2  and 3 ). Any interlaminar window with diameter <7 mm was enlarged to accommodate the working cannula. In each case of L4-L5 discectomy, the direction-variable drill was used to partially resect the cranial lamina in order to enlarge the interlaminar space. In cases of L5-S1 discectomy, the spinal canal was adequately exposed after exposing the ligamentum flavum. Then, the direction-variable drill was used in some cases of L5-S1 discectomy with narrow interlaminar space.
Then the herniated nucleus pulposus tissue was exposed and removed to ensure sufficient decompression of the nerve root ( Figs. 2 and 3) . Before ending the surgery, we ensured there was no significant free disc tissue, dural sac damage, or active bleeding. No drainages were required.
Clinical evaluation
The durations of surgery, intraoperative radiation, postoperative bedrest and hospitalization as well as perioperative complications were recorded. Postoperative MRI or CT imaging was performed when necessary. The visual analog scale (VAS) score for leg pain and back pain (with 0 indicating no pain, and 10 indicating the worst conceivable pain) and Oswestry disability index (ODI) score (range, 0-100) [16] were used preoperatively and at 3, 6, and 12 months postoperatively. MacNab criteria were used to evaluate surgical effectiveness.
Statistical analyses
All data are presented as mean ± standard deviation. The independent-samples t test was used to compare preoperative and postoperative data and the data between the groups. Statistical analyses were performed using SPSS version 18.0 (SPSS Inc., Chicago, IL), and the corresponding graphs were generated using GraphPad Prism 6 (GraphPad Software, Inc., San Diego, CA). A P value <.05 was considered statistically significant.
Ethics statement
This study was conducted in accordance with the guidelines of the Declaration of Helsinki and was approved by the ethics committee of our hospital. Written informed consents were obtained from all the patients.
Results
Demographic data
The baseline demographic and clinical characteristics of both groups are summarized in Table 1 .
Clinical outcomes
Follow-up examinations were conducted at 3, 6, and 12 months postoperatively. The mean durations of surgery in L4-L5 group and L5-S1 group were 69.8 ± 18.8 (range, 45-120) and 67.0 ± 20.1 (range, 40-150) minutes, respectively (P > .05). The mean durations of intraoperative radiation, postoperative bedrest, and hospitalization are summarized in Table 2 (P > .05). In both groups, the duration of surgery rapidly decreased in the initial cases and then tapered to a steady value in the latter cases, which is similar to the learning curve of the technique (Fig. 4) . In both groups, compared with the preoperative scores, the mean VAS scores and ODI scores improved significantly postoperatively (Table 3 , Fig. 5 ). According to the MacNab criteria, the outcomes rated as excellent and good were 20 (66.7%) and 7(23.3%) in the L4-L5 group, 34 (63.0%) and 16 (29.6%) in the L5-S1 group, respectively (Table 3 ).
Perioperative complications and recurrences
Intraoperative epineurium injury occurred in 3 patients without nerve injury, dural injury, or cauda equina syndrome. No postoperative pain medications were required.
Only one patient suffered from recurrence resulting in a total recurrence rate of 1.2% after 12 months follow-up. He had undergone L5-S1 discectomy with laminectomy, and developed recurrence 3 months later, which was treated with minimally invasive transforaminal lumbar interbody fusion.
Discussion
Sufficient decompression is the main goal of surgical treatment in LDH. Even though lesser trauma and quicker recovery are achieved by full-endoscopic discectomy via the interlaminar approach, [4, 8, 9] sufficient decompression may be technically difficult, especially in patients with narrow interlaminar spaces, posterior marginal osteoproliferation of the vertebrae, ossification of the posterior longitudinal ligaments, lumbar stenoses, and recurrences. [10, 17] However, with the development of new techniques and tools, most of these challenges have been overcome. [10, 18, 19] To enlarge the interlaminar space and sufficiently decompress a herniated disc, the cranial lamina can be partially resected with the aid of a drill, including the distance between the cranial and caudal laminae and the distance between the medial borders of the processus articularis and the midline. [3, 8] Because of the same approach as open discectomy, microsurgical discectomy, and microendoscopic discectomy, full-endoscopic discectomy via the interlaminar approach can be easily performed by spine surgeons with experience in microsurgical discectomy and microendoscopic discectomy. [4, 8, 9] Laminectomy may be necessary during full-endoscopic discectomy via the interlaminar approach because of narrow interlaminar space, especially at L4-L5. [9, 10] Therefore, every surgery at L4-L5 and a few at L5-S1 were performed with minimally invasive laminectomy, depending on the width of the interlaminar space. During the surgeries of full-endoscopic Figure 2 . The procedure of full-endoscopic discectomy via the interlaminar approach performed in a 32-year-old female patient diagnosed with lumbar disc herniation at L4-L5. (A and B) preoperative magnetic resonance imaging (MRI) shows lumbar disc herniation at L4-L5; (C and D) intraoperative anteroposterior and lateral fluoroscopy to confirm the interlaminar space; (E) ligamentum flavum; (F) ligamentum flavum incised; (G) cranial lamina resected by the direction-variable drill; (H) dural sac exposed; (I) cranial lamina partial resected with the dural sac and herniated disc exposed; (J) dural sac, traversing nerve root, and axilla after decompression; (K and L) MRI 10 days after the surgery shows herniated lumbar disc decompressed. MRI = magnetic resonance imaging.
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www.md-journal.com discectomy via the interlaminar approach, laminectomy and disc resection procedures should be performed under visualization to guarantee complete decompression, ensure minimal trauma, and prevent segment instability. [4, 8, 9, 20] Additionally, the variable-direction drill was used in laminectomy to enlarge the interlaminar space so the working cannula and endoscopic system could be inserted. This drill has a welldesigned surface, and variable-direction capability; as a result, the laminectomy procedure was safer and easily controlled. Furthermore, this drill can decrease bleeding of the lamina after laminectomy because of the small bone particles packed at the laminectomy surface. Full-endoscopic discectomy via the interlaminar approach causes no damage to the facet joints and Figure 3 . The procedure of full-endoscopic discectomy via the interlaminar approach performed in a 33-year-old male patient diagnosed with lumbar disc herniation at L5-S1. (A and B) preoperative magnetic resonance imaging shows lumbar disc herniation at L5-S1; (C and D) preoperative computed tomography (CT) shows herniated and calcified lumbar disc at L5-S1; (E) interlaminar space exposed; (F) cranial lamina resected by the direction variable drill; (G) herniated disc exposed and extracted; (H) a radiofrequency electrode is applied to control bleeding; (I and J) dural sac, traversing nerve root, and axilla after decompression; (K and L) CT one day after the surgery shows herniated and calcified disc decompressed. CT = computed tomography. Table 1 General information of patients in the 2 groups.
L4-L5 group
L5-S1 group Table 2 Comparison of durations of surgery, intraoperative radiation, postoperative bedrest and hospitalization in the 2 groups.
L4-L5 group L5-S1 group P iatrogenic instability; therefore, parameters such as diameter of the osseous interlaminar space and sequestering of the disc material are no longer contraindications, thus, making fullendoscopic discectomy via the interlaminar approach technically possible in most cases of LDH. [4, 8, 9] Full-endoscopic discectomy results in minimal trauma, rapid rehabilitation, and less intraspinal adhesions, and facilitates revision surgeries. [7, 9] According to the literature regarding endoscopic discectomy via interlaminar approach, the mean durations of surgery was 29 to 68.5 minutes. [4, 5, 15, 21] Because of the learning curve associated with full-endoscopic discectomy, the duration of earlier surgeries was longer. [14, 17, 21, 22] The mean durations of the surgery in the present study were in accordance with those reported in the literature.
Although conventional surgeries can achieve good results, [23] [24] [25] [26] scarring of the epidural space has been observed postoperatively. [27] Epidural adhesions have been confirmed by MRI in many cases, though only 10% result in clinical symptoms. [27] According to the absence of clinical symptoms and intraoperative findings at the time of revision surgery, full-endoscopic discectomy via the interlaminar approach appears to reduce scarring. [8] Only slight scarring in the access area and the spinal canal has been observed in cases of recurrent herniation. [8] In the recurrent case in this study, no significant intraspinal adhesions were observed.
Recurrence is an important problem in both conventional discectomy and full-endoscopic discectomy via the interlaminar approach. Ruetten et al [9] reported that the recurrence rate of LDH after full-endoscopic discectomy via the interlaminar approach was 6.6%, similar to that after microsurgical discectomy (5.5%). Sencer et al [6] reported that the recurrence rate after full-endoscopic discectomy via the interlaminar approach was 3.8% and Passacantilli et al [21] reported a recurrence rate of 5.0%. Hsu et al [22] reported a reoperation rate as high as 13.0%, and noted that more recurrences occurred in the early phase of the learning curve. In the present study, the recurrence rate was 1.2% after 12 month follow-up. Even though a low recurrence rate was observed until the final follow-up, more recurrences might be observed with a longer follow-up period. Additionally, the senior author has many years of experience in microsurgical discectomy and microendoscopic discectomy; therefore, full-endoscopic discectomy via the interlaminar approach should be performed by surgeons with similar experiences in microsurgical discectomy or microendoscopic discectomy to lower the recurrence rate.
On the other hand, full-endoscopic discectomy via the interlaminar approach has some disadvantages, such as the steep learning curve. [14, 17, 22] A learning course and personal experiences are necessary for the surgeons to master the key techniques of full-endoscopic discectomy via the interlaminar approach. Additionally, muscles, facet cysts, and ligaments may be difficult to identify under endoscopic visualization, increasing the risk for iatrogenic injury. [17] Care must be taken to prevent dural sac damage or intraspinal hematoma. [28] During fullendoscopic discectomy via the interlaminar approach, if the herniated disc cannot be sufficiently decompressed, due to severe intraspinal bleeding or anatomical obstruction, conventional surgeries should be performed, if necessary.
Conclusions
Full-endoscopic discectomy via the interlaminar approach could be considered as one of the alternative options for the treatment of LDH at L4-L5. However, this study is limited by its small sample size and short follow-up period, with patients lost to follow-up, which may have affected our analyses of the outcomes. Further comparative studies and prospective, randomized, controlled studies should be conducted to assess the clinical outcomes. 
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